Ling-Rong Kao and Timothy Megraw*
Cytokinesis is the final phase of cell division, when the two daughter cells acquire equal copies of chromosomes at mitosis. The investigators who devote themselves to this field are a distinctive bunch, having banded together into a mob called the cytokinetic mafia (http://labs.bio.unc. edu/Salmon/mafia/mafia.html). Proclivities toward loyalty and devotion serve them well for their craft, as fidelity and precision is key to the execution of cytokinesis. When a cell makes this final commitment it will accurately assemble a contractile ring precisely at the site where the chromosomes coalesced at metaphase. This purse-string assembly of actin and myosin II filaments must assemble and then constrict at the correct time and place to assure accurate cell division and segregation of the chromosomes.
The mitotic spindle is a microtubule-based apparatus that coordinates chromosome movement at cell division and also cytokinetic furrow assembly. In most animal cells, the furrow forms during anaphase in a narrow ring at the plasma membrane at the site overlaying where the metaphase chromosomes aligned. Upon anaphase progression, an antiparallel array of microtubules assembles in between the moving chromosomes ( Figure 1A ). These antiparallel microtubules, the central spindle, with their plus ends directed toward the center, have a limited region of overlap at the midzone. The central spindle recruits signaling molecules that are required to organize the cytokinetic furrow. In addition to the central spindle, the plus ends of the astral microtubules, projecting from the centrosomes at each spindle pole, converge at the plasma membrane at the site of furrow assembly. The central spindle and the astral microtubules both contribute to cytokinetic furrow assembly [1, 2] .
In a series of elegant and now classic studies on cytokinesis, Ray Rappaport used sand dollar embryos to dissect the mechanisms that govern regulation of furrow assembly by the mitotic spindle. In one experiment, he showed that when a sand dollar embryo was perturbed at the first division by insertion of a physical obstruction, the resulting binucleate horseshoe-shaped embryo generated cleavage furrows above each anaphase spindle in the second division [3] ( Figure 1B ). In addition, Rappaport observed that a third, ectopic furrow formed in between the two spindles. Rappaport concluded that these 'non-spindle' cleavage furrows are formed from the microtubule asters emanating from centrosomes that overlap with each other. These furrows are referred to as 'Rappaport furrows'. It was later shown that binucleate mammalian cells in culture also assemble Rappaport furrows [4] and that some cells can accomplish cytokinesis efficiently without functional centrosomes or astral microtubules [2, 5] , yet the astral microtubules and the central spindle both contribute to furrow positioning [6] . Rappaport furrows are not merely an experimental lark; embryonic cleavage divisions in Drosophila assemble Rappaport furrows exclusively during the cortical cleavage cycles ( Figure 1C ).
Cytokinesis of a typical cell requires the recruitment of centralspindlin and the chromosomal passenger complex (CPC), among other key factors, to the central spindle at anaphase to regulate furrow assembly. Astral microtubules emanating from the centrosome converge in the vicinity of furrow assembly and contribute to the regulation of furrow assembly. The CPC and centralspindlin proteins localize at the sites of microtubule overlap in the central spindle where they regulate the site of furrow assembly at anaphase, and centralspindlin is also localized to the tips of astral microtubules at the midzone [2, 7] . The GTPase RhoA is a critical activator of cytokinesis at the membrane where it promotes contractile ring assembly through the activation of effector molecules for actin and myosin II assembly. The activation of RhoA by the GTP exchange factor RhoGEF, which associates with centralspindlin, is a critical step in cytokinesis [2, 7] .
In Drosophila early embryogenesis, the first 13 nuclear divisions occur rapidly and synchronously within a shared cytoplasm [8] .
The Drosophila syncytial cortical divisions present unique problems not encountered by membrane-encased cells. When the crowded nuclei divide simultaneously in the same plane in a shared cytoplasm, the neighboring chromosomes embark on a collision course at anaphase/telophase that must be impeded in order to maintain proper ploidy at each division. Thus, the two chromosome sets at each division must separate, but must also be prevented from colliding with their neighbors in the same cytoplasm. The syncytial embryo achieves this by the formation of Rappaport furrows enriched in actin and invaginated plasma membrane that surround each mitotic figure like a cage in the rapidly dividing embryo ( Figure 1C) . Unlike 'conventional' cell divisions, the cleavage furrows in early embryos assemble earlier, at prometaphase, and are fully assembled at metaphase. From Rappaport's experiment ( Figure 1B) , we can predict that the astral microtubules, and not the central spindle, will be critical for their assembly. Indeed, syncytial embryos lacking centrosomes fail to assemble cleavage furrows and the chromosomes collide with each other at telophase [9] [10] [11] . These cleavage furrows contain the components involved in conventional furrow assembly, but do not require myosin II [12] nor do they contain or require Pebble (Pbl), the RhoGEF required for cytokinesis after cellularization at cycle 14 [13, 14] . Instead, syncytial cleavage furrow assembly requires a second RhoGEF, RhoGEF2 [15] .
In this issue of Current Biology, Crest et al. [16] now show that RhoGEF2 has a specialized function in the promotion of Rappaport furrows in Drosophila early embryos. They found that centralspindlin and RhoGEF2 were recruited to the Rappaport furrows in cleavage stage embryos, and that centralspindlin plus the CPC were recruited to the central spindle, but that neither RhoGEF was found at the central spindle. Thus, these divisions are poised to assemble a conventional cleavage furrow, but they do not, apparently because Pbl is not recruited to the central spindle. Instead, only RhoGEF2-dependent Rappaport furrows assemble in syncytial cleavage stage embryos.
Crest et al. [16] bypassed RhoA activation by injecting active RhoA directly into embryos. This resulted in the assembly of a cleavage furrow directly over the center of the spindle, in addition to the Rappaport furrows. In addition, they show that these RhoA-induced ectopic furrows require myosin II, unlike their Rappaport furrow counterparts, and are therefore more similar to conventional central-spindleinduced furrows [1, 2, 12] .
Thus, the Drosophila syncytial embryo appears to repress the recruitment of RhoGEF/Pbl, while instead ushering in the use of a specialized RhoGEF, RhoGEF2. RhoGEF2 is necessary for proper cleavage furrow assembly while Pbl is not, and RhoGEF2 is dispensable for cytokinesis beyond the early cleavage cycles. These findings suggest that there are mechanistic differences between the Rappaport and central spindle furrows that RhoGEF2 is molecularly equipped to satisfy.
Crest et al. [16] suggest a possible mechanism. RhoGEF2 lacks the RacGAP binding domain that is found in RhoGEF/Pbl and the mammalian homologs of RhoGEF that are required for binding to the centralspindlin component RacGAP, providing an explanation for why it does not get recruited to the central spindle. This provides part of the explanation, but offers new questions. Previous work indicates that RhoGEF2 recruitment to the cleavage furrows relies on recycling endosome trafficking [17] , but how does it anchor at furrows and does it require centralspindlin? How is Pbl repressed from recruitment or activation by centralspindlin at the midzone during the cleavage cycles to favor exclusive assembly of Rappaport furrows to support syncytial nuclear divisions in early development? 
